We questioned whether the apparent rarity of ampicillin-resistant, non-4-lactamase-producing (NBLP) Haemophilus influenzae was due to failure of detection. We identified ampicillin-resistant and ampicillinsusceptible H. influenzae by the agar dilution technique, using 105-and 103-CFU inocula. We compared the disk susceptibility of 18 ampicihlin-resistant NBLP strains, 13 ampicillin-resistant, (8-lactamase-producing strains, and 10 ampicillin-susceptible strains by using standard 10-and 2-,ug ampicillin disks on two different media. We also investigated the possibility that disks containing 10 ,ug of clavulanic acid and 2 ,ug of ampicillin could be used to distinguish between the two ampicillin-resistant populations. Using the disk containing 2 ,ug of ampicillin, we correctly differentiated all the ampiciflin-resistant isolates from the ampicillin-susceptible isolates on both media (a zone diameter of s15 mm was considered resistant). In contrast, the 10-,ug ampiciflin disk failed to detect 44% (8 of 18) of the ampicillin-resistant NBLP strains (a zone diameter of sl9 mm was considered resistant). The MIC of ampicillin with the 103-CFU inoculum correlated better with zone diameters than with the 105-CFU inoculum. A difference in zone diameters of .8 mm between the disk containing 10 ,g of clavulanic acid and 2 ,ug of ampicillin and the disk containing only 2 ,ug of ampicillin correctly identified all j3-lactamase-producing strains. We conclude that the 2-,ug ampicillin disk tests more readily identify ampicillin resistance in H. influenzae than do the 10-,ug ampicillin disk tests. Future investigation should determine whether this in vitro resistance correlates with clinical treatment failures.
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Although the most common mechanism of ampicillin resistance (Amp) in Haemophilus influenzae is plasmidmediated production of TEM P-lactamase (4, 7, 17 , 32, 37), pathogenic Ampr type b H. influenzae lacking detectable P-lactamase activity has been reported (12, 14, 24, 26) .
Clinical isolates with this phenotype appear to be even more common among nontypable respiratory tract H. influenzae (1, 29, 37) . Nontypable H. influenzae has been increasingly implicated in community-acquired and nosocomial pneumonia in adults (3, 9, 19, 20, 22, 40, 41) and is associated with exacerbations of chronic bronchitis in patients with chronic obstructive pulmonary disease (35) . In addition, nontypable H. influenzae plays a major role in certain pediatric diseases, such as otitis media and pneumonia (25, 33) .
Failure of an infection to respond to antibiotic administration is an operational correlate of in vitro resistance. Treatment failure with Ampr non-p-lactamase-producing (NBLP) H. influenzae has occurred with ampicillin administration (14) . Thus, these strains are operationally resistant.
Another way of defining resistance is to examine the distribution of MICs within a specific species. A bimodal distribution suggests two classes of susceptibility (2) . When the median concentration for the group with the higher values is fourfold (or greater) than the MIC for the group with the lower values, resistance is inferred (11, 12) . This type of analysis allowed accurate definition of penicillinresistant pneumococci. Those penicillin-resistant strains caused infections which did not respond to penicillin administration (10, 11 (13) . Whole-cell suspensions of each strain were incubated with P-lactamase substrate (chromogenic cephalosporin) at room temperature for 30 min and were inspected visually (23) .
Media. The medium used for growth and determination of the MIC was brain heart infusion (BHI) agar or broth (Difco) supplemented with 10 ,ug of hemin (X factor), 10 These strains were isolated in New Zealand (four strains), England (eight strains) and the United States (six strains) (16, 29) . Among these Ampr NBLP strains, biotypes I and II (the two most common biotypes among type b invasive isolates) were observed in equal numbers (seven of each), and one each of biotypes III, IV, V, and VII was observed. The 13 Ampr BLP strains (11 type b and 2 nontypable) were isolated in various U.S. medical centers (4, 17, 18); 10 strains were biotype I, and the others were biotypes II, III, and IV. Six strains were isolates from cerebrospinal fluid, two were from blood, two were from sputum, one was from the nasopharynx, one was from an ear, and one isolate came from an unknown site. Of the 10 Amps isolates, 9 were nontypable, and 1 was a type b strain (15, 29) . Biotypes for these isolates were I (two strains), II (five strains), III (two strains), and IV (one strain).
MIC determination. With an inoculum of 105 CFU, the MIC of ampicillin was similar for all the Ampr isolates and did not differentiate the Ampr NBLP strains from the Ampr BLP strains; both Ampr populations revealed a marked inoculum effect (Fig. 1) . However, with an inoculum of 103 CFU, the MIC of ampicillin was clearly higher for the Ampr BLP strains (Fig. 1) . The median MIC of 32 Vig/ml (range, 8 to >32 ,ug/ml) contrasted with the median MIC of ampicillin for the Ampr NBLP strains of 8 ,g/ml (range, 1.5 to 16 ,ug/ml; P < 0.001) ( Table 1 ). The MIC of ampicillin for 9 of 10 Amps isolates with a 103-CFU inoculum was 0.5 pg/ml; the MIC for the other strain was 0.25 ,ug/ml. One strain showed a marked inoculum effect: an MIC of 32 ,g/ml for a 105-CFU inoculum and an MIC of 0.5 ,ug/ml for a 103-CFU isolates, respectively, as uninterpretable. Only one Ampr NBLP strain with the 10->g ampicillin disk had zone diameters similar to those of the BLP strains, i.e., values of 7, 8, 8, and 9 on the four determinations. This strain was tested further after prolonged incubation with P-lactamase substrate (overnight at room temperature and at 37°C) and after growth on ampicillin-containing media to test for an inducible P-lactamase; no enzyme activity was detected compared to the appropriate control strains.
A difference of .8 mm between the zone diameter of the disk containing 2 ,ug of ampicillin plus 10 ,ug of clavulanic acid and the zone diameter of the 2-pug ampicillin disk correlated with production of ,3-lactamase for all 13 strains tested (sensitivity, 1.0; specificity, 1.0; Table 1 ).
Linear regression analysis consistently revealed that the disk containing 2 ,ug of ampicillin showed a higher correlation with either medium and with either inoculum (Fig. 3) than did the disk containing 10 ,g of ampicillin. This was also observed when the results with each medium were combined and compared by linear regression (Fig. 4) . Furthermore, the correlation was always higher with a 103-CFU inoculum than with a 105-CFU inoculum ( Fig. 3 and 4) .
DISCUSSION
Since 1980, reports of ampicillin-resistant NBLP strains of H. influenzae have been increasing (1, 12, 14, 24, 26, 29) . Reference laboratories in England and Australia found that 8 and 54%, respectively, of ampicillin-resistant isolates did not have detectable ,B-lactamase activity (1, 29) .
The characterization of the Ampr NBLP strains of H. influenzae has been limited: four strains have been studied (16, 26) . We characterized three of these and demonstrated that the resistance is chromosomally determined and that the primary mechanism of resistance is an alteration of the penicillin-binding proteins (16) . Alterations in the penicillinbinding proteins have also been shown to be the mechanism of resistance in clinical isolates of Pcnr non-penicillinaseproducing Streptococcus pneumoniae and Pcnr nonpenicillinase-producing Neisseria gonorrhoeae (6, 43) .
Certain problems with disk susceptibility testing with H. influenzae have previously been described (34, 38, 39 produce detectable P-lactamase, the use of standard disks containing 10 p.g of ampicillin needs to be reassessed. Our data with disks containing 2 jig of ampicillin, in contrast to the data for standard 10-,ug disks, differentiated all Ampr strains, regardless of the mechanism of resistance, from the Amps isolates. These data are consistent with another report which examined 10 Ampr NBLP strains with standard disks: 8 of 10 strains were identified as susceptible (27) . Those authors recommended the use of a disk containing 10 ,ug of cloxacillin, but that approach did not differentiate all the Amps strains from the Ampr strains tested (27) . Even (12, 28, 36, 42) . However, augmentin has no effect on the Ampr NBLP strains, and the cephalosporins have reduced potency against Ampr NBLP strains because of the altered targets (penicillin-binding proteins [30] ).
Although the rapid 3-lactamase test might provide this valuable therapeutic information, it requires another procedure in addition to routine disk susceptibility testing. Placement of a combination disk containing 10 ,ug of clavulanic acid and 2 ,ug of ampicillin at the time of initial disk susceptibility testing along with a 2-,ug ampicillin disk requires minimal additional labor, is economical, and will provide this useful information.
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